The estrous cycle influence on the number of ovulated eggs after injection of pregnant mare serum gonadotropin (PMSG) 
studies of superovulation in rats, only a single estrous stage was selected for the time of PMSG injection (e.g., estrus [1, 10] , metestrus [9] or diestrus [5] ). Only a few reports, such as in Zalenina et al. [11] , have described a comparison of induced ovulation efficiencies in female rats receiving PMSG at various stages of the estrous cycle. Therefore, we investigated the influence of the stage of the estrous cycle at the time of PMSG injection on the number of ovulated eggs obtained from female rats. It is known that there is a strain difference between female rats in response to PMSG/hCG treatment [2] . We used the Wistar-Imamichi (WI) strain in this study since WI is one of the strains in which efficient superovulation can be induced [5, 6] .
Female outbred WI rats were obtained at 4-6 weeks 
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It is important to obtain a large number of eggs for some developmental biotechnology techniques, such as for the generation of transgenic and cloned animals. Administration of pregnant mare serum gonadotropin (PMSG) and human chorionic gonadotropin (hCG) is a simple method to induce superovulation, and this method is widely used in mice and rats. In the mouse, superovulation can be induced at any stage of the estrous cycle by the injection of PMSG and hCG [3, 4] , therefore it is not necessary to confirm the estrous cycle of each animal before the injection of PMSG, and it is a great advantage to be able to induce superovulation for routine work. In the rat, it is not clear whether the stage of the estrous cycle at the time of PMSG injection affects the number of ovulated eggs. In most of age from the Institute for Animal Reproduction (Ibaraki, Japan). Rats were housed under controlled temperature and light conditions (lights on 05:00-19:00 h), and supplied with food and water ad libitum. The estrous cycle was detected by checking vaginal smears after 8 weeks of age, and the rats showing at least two consecutive 4-day estrous cycles were used for this study. PMSG (Serotropin, Teikokuzoki, Tokyo) and hCG (Gonatropin, Teikokuzoki, Tokyo) were dissolved in physiological saline at 150 and 75 IU/ml, respectively. To study the influence of the various stage of the estrous cycle on superovulation, 150 IU/kg PMSG was injected intraperitoneally (i.p.) at 10:00 h at metestrus (ME), diestrus (DE), proestrus (PE) and estrus (E), at 12-13 (12w), 18-19 (18w) and 24-25 (24w) weeks of age, and followed by 75 IU/kg hCG (i.p.) 55 h later. The number of ovulated eggs was confirmed 20 h (13:00 h) after the hCG injection. The hormone doses and time schedule were decided according to methods described in previous studies [5, 9] . To confirm the number of ovulated eggs, oviducts were excised and eggs were flushed out with mR1ECM [8] containing 0.1 mg/ml hyaluronidase. Collected eggs were washed with mR1ECM, counted, and checked for morphological normality under a stereoscopic microscope.
Untreated animals at the E stage at each age were also examined as controls for spontaneous ovulation. The statistical differences between the mean number of obtained eggs among each treated group and untreated group were analyzed by the Tukey-Kramer test. The proportion of normal eggs was transformed by angular transformation and the statistical differences between the mean proportion of normal eggs among each treated group and untreated group were also analyzed by the Tukey-Kramer test. A value of P<0.05 was considered significant.
Ovulation was confirmed in all animals except one rat treated at PE at 18w (Table 1) . There was no significant difference among the mean number of obtained eggs in each estrous stage group at the same age except between those of PE and E groups at 12 w, and ME and PE groups at 18 w. The mean proportion of normal eggs was more than 80% in all groups, and there was no significant difference among any treated or untreated groups at each age. The mean number of obtained eggs in the treated groups at 12, 18, and 24 w were 71.3 ± 6.2, 35.0 ± 2.7 and 19.9 ± 1.8, respectively. With age, the number of obtained eggs decreased in the treated groups, while those of untreated animals were not changed (13.8 ± 0.7, 14.7 ± 0.9 and 14.8 ± 0.7 at 12, 18, and 24 w, respectively).
The results of the present study show that ovulation can be induced by PMSG and hCG at any stage of the estrous cycle in adult female WI rats, and a large number of eggs can be induced at any estrous stage at 12 w. These results also confirm that WI rats may be good egg donors for developmental biotechnology research. In previous studies in adult rats, PMSG was injected at metestrus to adjust the timing of the exogenous hCG injection to the endogenous LH surge [5, 9] . However, the present results demonstrate that it is not necessary to adjust the timing of the injection to coordinate with the original estrous cycle for induction of superovulation. The present results also show that the response to the treatment changes with the age of the animal. This phenomenon had already been reported by Kagabu [6] who suggested that the number of eggs obtained after PMSG/hCG treatment changed with age, during 2-17 weeks of age, and the response to PMSG was highest at 12 weeks of age. In his report, a morphological examination of the ovary at ME was also undertaken in each age group (2-78 weeks of age), and the results showed that the number of follicles with a diameter of 250-549 µm, indicating a possible response to the PMSG, changed with age and this change agreed with the number of eggs induced by PMSG in WI rats at each age [6, 7] . Our present results support Kagabu's results.
Though we do not show data regarding egg fertilization rates and development in the present study, it is also important to be able to obtain fertilized eggs. In a preliminary study, we have also examined fertilized eggs collected at 12 weeks old by natural mating after PMSG/ hCG treatment following the same protocol of the present study. The preliminary data show similar results to the present study. However, in some cases, the fertilization ratio was very low (eggs that developed to the 2-cell stage after overnight incubation in mR1ECM were considered fertilized), and fertilization was still in progress (sperm were just penetrating eggs) when the eggs were collected (20 h after hCG injection).
Ishibashi [5] reported that ovulation and fertilization were delayed in superovulated animals. We also found that the fertilization ratio of the eggs increased as a result of a 4 h delay of egg collection (data not shown). These results suggest that egg collection at 20 h after hCG injection may be unsuitable for obtaining the maximum number of fertilized eggs. Further studies are needed to evaluate the timing of the fertilized egg collection after PMSG/hCG treatment. In the present study, we investigated only one rat strain, but it is known that there are strain differences in response to PMSG and hCG treatment [2] . It is not clear whether the present results may be demonstrated by other strains and this topic should also be examined in future studies.
In conclusion, the results of this experiment show that ovulation can be induced at any stage of the estrous cycle in adult WI rats, and the most efficient superovulation, in terms of the number of eggs induced by 150 IU/kg PMSG and 75 IU/kg hCG injection, is at 12 weeks of age, and then decreases with age.
